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1 
This invention relaes fo removal of sufur 
compounds from hydrocarbons. In one of is 
more specific aspects, this invention relates to a 
method for the separation of aliphatic sulfur 
c«mpounds from mixtures containing saine in ad- 5 
mixture with hydrocarbons by azeotropic dis- 
filiation. In still another of its more specific as- 
pects, this invention relates fo a method for the 
separation of aliphatic sulfur compounds from 
mixtures containing saine in admixture with 10 
hydrocarbons by azeotropic distillation using or- 
ganic perfiuoro ¢ompounds as entrainers. 
The deleerious effects of sulfur compounds in 
the utilization of hydrocarbons bas been disclosed 
in many places. In gasolines, for example, the 15 
lowering of the effectiveness of etraethyl lead 
as an antiknock improver is well known. Mer- 
captans give an offensive odor fo hydrocarbon 
materials in which they are present. In the case 
of gsolines, the mercaptans are convered fo 20 
disulfides by sweetening processes in ortier fo 
overcome objectionable odors. However, the 
sweetenirl« process does not actually remove the 
sulfur compounds from the hydrocarbon ma- 
terials, but merely convers them fo substantially 25 
odorless compounds. Processes such as bauxite 
treating at elevated temperature and hydrogena- 
tion, for example, over molybdenum sulfide, are 
used fo remove the sulfur rather than merely fo 
convert the sulfur fo less objectionable forms. S0 
I bave now discovered a new method whereby 
sulfur compounds, such as aliphatic mercaptans, 
sulfides and disulfides, can be removed from hy- 
drocarbons and mixtures of hydrocarbons. The 
process of my invention removes the sulfur coin- 35 
pounds by means of azeotropic distfllation in the 
presence of a non-acidic organic perfiuoro com- 
pound which is employed as the entrainer. In 
carrying on the azeotropic distfllation, the sulfur- 
containing compounds are removed overhead 4O 
along with the entrainer and the hydrocarbon 
material of lowered sulfur content is removed as 
a kettle product. I find that the usual azeotropic 
distfllation processes and equipment can be used 
in carrying on the process of my invention. 45 
If is an object of my invention fo provide a 
method for the separation of sulfur compounds 
from hydrocarbons. 
It is another object of my invention ço provide 
a method for the separation of aliphatic sulfur 50 
compounds from a hydrocarbon or a mixture of 
hydrocarbons containing said aliphatic sulfur 
compounds. 
Stfll another object of my invention is to pro- 
vide a process for the separation and isolation of 55 

2 
one or more aliphatic sulfur compounds, such as 
mercaptans, sulfides and disulfides, from a mix- 
ture containing saine in admixture with one or 
more hydrocarbons, all of the aliphatic salfur 
compounds and hydrocarbons falling within a 
relatively narrow bofling range. 
Other objecks and advantages of the process of 
my invention will become apparent, to one skilled 
in the art, upon reading this disclosure. 
The drawing which accompanies and is a part 
of this disclosure diagrammatically sers forth one 
arrangement of aDDaratus which can conven- 
iently be used fo carry on the process of rny 
invention. 
I have invented a new method of separating 
sulfur compounds ïrom hydrocarbons. The 
process of my invention is carried on by azeo- 
tropic distillation using organic perfiuoro com- 
pounds as the entrainer. 
I final that the process of my invention is par- 
ticularly adaptable to the removal of aliphatic 
sulfur compounds, such as mercaptans, salfides 
and disulfides, from a liquid hydrocarbon or ïrom 
a mixture of liquid hydrocarbons containing said 
aliphatic sulfur compounds, said mixture having 
a boiling range hot greater than 56 ° F., more pref- 
erably hot greater than 25 ° F. ¢Iy process is 
particularly valuable fo remove sulfur compounds 
from hydrocarbon fractions where the sulfur 
compounds cannot be removed from the hydro- 
carbons by straight fractional distfllation without 
a great deal of difficulty due fo the sulfur com- 
pounds having a boiling point close fo the boiling 
point of one or more of the hydrocarbons in the 
mixture, or because the salfur compounds form 
azeotropes with the hydrocarbons. 
By the terminology "organic perfluoro com- 
pounds" I mean completely fiuorinated organic 
compounds. In carrying on the process of my 
invention I find if preferable fo use non«acidic 
organic perfiuoro compounds. The compounds 
which I find that I can use as entrainers in the 
process of my invention can be fiuorocarbons, 
that is, compounds containing only fluorine and 
carbon, or such other compounds as ethers, 
amines, and the like, wherein all of the hydrogen 
atoms directly bonded fo carbon in the original 
organic compounds have been replaced by fluo- 
fine atoms. Types of organic perfiuoro com- 
pounds which I find can be used include per- 
fiuoro-paralïins, perfiuoro-di-alkyl ethers, per- 
fiuoro-tri-alkyl amines, perfiuoro-cycloparaffins, 
perfiuoro-alkylcycloparaffins, and other similar 
types of compounds. Typical compounds which 
I find can be used as the entrainer in carrying on 
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the process of my invention are perfluoro-methyl- 
cyciohexane, and the sirnilar ethyl, propyl, butyl, 
etc., cyclohexanes; perfiuoro-n-heptane, per- 
fluoro-n-hexane, perfluoro-n-pentqe, perfluoro- 
n-butane, etc.; perfluoro-di-n-butyl ether, and 5 
the similar ethyl, propyl, amyl, etc., ethers; per- 
fluoro-ti'i-n-propylamine, an.d the simflar ethyl, 
butyL amyL etc., amines; and the like. 
ethods by which the process of tuf vention 
can conveniently be carried on are dcsed  10 
the fo!lowg. Howeveï, it is to be dersod 
that such discussion is net fo dy mit the 
scope of tuf invention. Referrg now fo the 
drawg, reference neral  refers te a istilla-. 
tion coln or still which, when ed in azeo- 15 
tropic distillation, is frequently termed an "azeo" 
coin. is fractionating tower or azeo 
.coln can bea conventional bubble cap tower, 
packed tower or the lfle. A reboiler cofl 4 is 
positioned in the kettle setion for addition of 20 
reboiling boat. A separate rebofler can be used, 
if desired. Coinmn  is lewise an azeotropio 
OEstiliation column, but, as wi!l be subsequently 
described, this coln is usually a smaller 
column, that is, one having a smaller capacity 25 
than the main coln . A thd distillation 
coln 8 is provided for use dr special con- 
ditions, such as are described hereafter. 
Coloris  and 8 are provided with bubble cap 
tray assemblies or any desed type of pacMng 30 
stable for e in the separaton steps carried 
out in these clumns. Reboiler coils  and  
are provided  coloris 8 and 8, respectively, for 
fnishing heat for the distillation operations. 
Separte reboflers can be used,  desired. Uni 35 
4 and  are overhead condeers for columns 
 and 8, rpectively. These condeers can con- 
veently be water coo]ed condensers and are 
normally operated fo completely condense the 
vapor0us products passing through the respective 40 
vaPor inlet lines. Vessel 8 is a separation tank 
in which two isiblé or nearly mcible 
liquid phases are permitted fo separate by gravity. 
in the operation of this apparatus for ca.rrying 
out the process of tuf invention, a narrow boi]- 45 
g range fraction of hyocarbons and aHDhatic 
sulfur compods is introduced into fractionator 
 through line @. The .organe perfluoro vapor 
entrainer compound from a source fo e disclosed  
subsequently, is passed through line  into feed 50 
line @ so that a mixture of two liq, the feed 
stock and the vapor entrainer, are introduced 
into fractionator  in the middle portion thereof. 
A sciently high temporaire is maintained in 
the kettle section of coln  by adng heat t0  
reboiler coil 4 fo distfll overhead an azeotropio 
mixture of the sulfur compods and vapor en- 
trainer ata temporaire below the boiling tem- 
perature of the hydrocarbons. Whether or not 
thë hydrocarbons which boil close to the su]fur 60 
compods or azeotrope with them form an azeo- 
trope with the vapor entrainer is immaterial. If 
an azeotrope is formed and its vaporization m- 
perature is higher than the vaporization tempora- 
ire of the sfur compod azeotrope, the hydro-  
carbon containg azeotrope will acculate as 
still bottoms. In th particar example, if the 
hydrocarbons form an azeotrope with the vapor 
entrainer, ifs volatoEty is such that if remains 
as still botteras and the sfm" compound-or- 0 
ganic peuoro compod azeotrope passes over- 
head as coln overhead product. This vapor- 
ous overhead product is passed through lines 4 
and  into condenser 4 wherein substantially 
complote condensation of the vapors occurs. The ï 
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liquid condensate thon is passed into separator 
or accumulator tank 18 in which the sulfur com- 
pounds and the liqu]d vapor entrainer separate 
as two liquid phases. The organic perfluoro com- 
pound normaliy settles fo the bottom since it is 
usually heavier than the sulÏur compounds. In 
the su]fùr compounds layer, there is usually dis- 
solved a small quantity of organic perfluoro com- 
pound, while a small quantity of the sulÏur com- 
pounds usually romain dissolved in the orianic 
perfluoro compound layeï. 
The organic perfluoro compound layer is re- 
moved from separator |8 through line 2. If 
refluxing liquid is required to control the tem- 
perature in the top of the main azeotrope col- 
umn 2, a portion of the organic perfluoro com- 
pound layer passing through line 28 can be passed 
through line .0 and passed into the azeo colu2nn 
2 af the proper refluxing point. The remainder 
of this perfluoro compound ]ayer containing, as 
mentioned hereinbefore, a small anïount of dis- 
solved sulfur compounds is passed from line 28 
through line 22 fo be added fo the original feed 
stock passed into azeo column 2. This portion 
of the vapor entrainer is the portion referred to 
above as originating ai a source to be described. 
Organic perfluoro compound can be added to the 
system via line 32 or withdrawn from the system 
via line  4. 
The sulfur compounds layer containing some 
dissolved organic perfluoro compozmd is removed 
from accmnulator |8 through line 86 and is intro- 
duced into the distfllation column 6. Heat for 
distillation is added fo this column by the reboiler 
coil |}. This column is so operated that the 
small amount of dissolved organic perfluoro 
compound is vaporized with a corresponding 
amount of su]fur compounds as azeotrope and is 
passed through line 40 and line  into condenser 
4. This azeotrope vapor passing from column  
through line 4} has substantially the saine com- 
position as the azeotropic vapor passing through 
line 24, when columns  and 2 are operated under 
the saine pressure. Since these two vapor 
streams have the saine or substantia]ly the saine 
composition, the vapor streams are combined in 
line 2 and the combined stream condensed in 
condenser |4. The condensate is passed into 
separator |8 for separation of the liquid phases, 
as discussed hereinbefore. Line |ï is provided 
with a pressure release valve in case re]ease of 
pressure from tank | 8 is necessary. 
Since the amount of organic perfluoro com- 
pound contained in the su]fur compound layer in 
tank |8 is small, the amount of azeotropic vapor 
passing through line 4{} is usually small. Under 
normal conditions ali of the perfluoro compound 
is distilled overhead in this organic perfluoro 
compound recovery co]umn . By removing all 
of the organic perfluoro compound overhead, a 
pure su]fur compound is leît in the kettle portion 
of column , and this material is removed from 
the kettle through line 42 as one of the products 
of the process. This su]fur compound pïoduct 
stream can be passed to a storage tank or used as 
desired. 
In the operation of the main azeotrope co]umn 
2, if is preferred that approximately the exact 
amozmt of organic perfluoro entrainer be added 
v(ith the charge stock to vaporize all of the sul- 
fur compozmds contained in the feed stock. If 
an excess of vapor entrainer is added fo column 
2, the excess over that required fo form the azeo- 
trope with the sulfur compounds wili accumulate 
in the still bottoms and will be removed with the 
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bottoms which are withdrawn through line 44. 
Distfllation column 8 is employed to separate and 
recover entrainer from the hydrocarbon still bot- 
toins, if necessary or desired. 
AS Inentioned hereinbefore, the preferred Ineth- 
od of operation is fo add the required amount 
of vapor entrainer with the feed stock. I-Iowever, 
the addition of substantially the exact ainount 
of vapor entrainer is difficult fo realize under 
conditions of normal plant operation. Accord- 
ingly, if is preferred then fo add a slight excess 
of vapor entrainer so that all of the sulfur com- 
pounds will be taken overhead froin the Inain 
coluinn 2 and the excess of entrainer over that 
corresponding to the sulfur compounds will ac- 
cuinulate with the hydrocarbons in the still bot- 
toins, since if is usually desired fo reinove all 
of the stflfur compounds from the hydrocarbons. 
I-Iowever, in norinal coininercial operation, cost 
of operation and capita! investinent is consider- 
ably less when using a slight deficiency of va- 
pot entrainer in place of using an excess, that 
is, operating to leave a slight amount of sulfllr 
coinpound in the column - bottoms, thus elimi- 
nating column 8 operations. The requirements 
as fo the degree of removal of sulfur coinpounds 
will usually govern the particular Inethod. 
In the case where an excess of vapor entrainer 
is used in the Inain azeo column 2, the hydrocar- 
bon bottoms containing this excess of vapor en- 
trainer is passed via lines 44 and 48 and intro- 
duced into distillation coluinn 8. Distillation 
column 8 is operated in such a manner that the 
vapor entrainer is removed through overhead 
vapor line 48. This vapor is condensed in con 
denser 18. The resulting condensate is passed 
through line 50 and introduced into the Inain 

Whether operating fo separate a sulfur com- 
pound or compounds from a hydrocarbon, or one 
or more sulfur coinpounds froin a fraction con- 
taining a plurality of hydrocarbons, if is pre- 
5 ferred that the entrainer have a boiling point 
within af least 50 ° F. of the boiling point of the 
sueur compounds tobe taken overhead as azeo- 
trope. This 50 ° F. teinperature difference can 
be 50 ° below or 50 ° above the boiling point of 
10 the sulfur coinpounds. 
The following four exainples are illustrative 
of the process of Iny invention. However, if is 
fo be understood that the temperatures, compo- 
sitions, materials, etc., are hot fo be held to un- 
15 duly limit the scope of Iny invention. 
Examples I, II, and III were carried out in a 
distillation coluinn consisting of a two foot sec- 
tion of glass tubing, approximately 6 Inin. inside 
diaineter, and containing a wire spiral for pack- 
20 ing. The column was insulated by a vacuum 
jacket and equipped with a suitable kettle and 
total condensing head with a liquid takeoff. 
ample IV was carried out in a 13 Inin. Podbielniak 
ttypercal distillation coluinn, a very efficient col- 
25 umn. The column used fo carry out E_xamples 
I, II and III had a low efficiency, approximate]y 
rive theoretical plates. In each case, the separa- 
tions were carried out at atmospheric pressure. 
In carrying out the tests, the kettle of the 
-30 distillation coluinn was charged with the hydro- 
carbon and sulfur coinpound along with the in- 
dicated entrainer. The coluinn was then started 
in operation and when equilibriuin was reached, 
an overhead sainple was taken. 
35 The results of the distillations, along with the 
individual boiling points of the Inaterials charged 
were as follows: 
Azeotropic distillaton data 

mple 

11 
III .... 
IV .... 

System 

'Methyl Ethyl Su]ride ....... 
n-Hexane ................... 
Per f]uoro-Inet hy]cyc]o- 
hexane. 
|l-Butanethiol ............... 
n-]eptane .................. 
1Perfiuoro-di-n-butyl :Ether_. 
Methyl Disulfide ........... 
To]uene ..................... 
Perfiuor o-tri-n-propy]amine. 

150.8 
155.8 
163-172 
208. 4 
209.1 
213.0 
242.6 
231.0 
265.0 
308. 3 

Ethyl Disulfide ............. 
Cumene ..................... 306.5 
Perfiuoro-tri-n-butylamlne__' 351.0 

azeotrope coluinn - with the feed stock and Inain 
quantity of vapor entrainer from line 2-. The 
hydrocarbons accumulate in coluinn 8 as still 
bottoms and are removed through line 32 and 
passed fo storage or fo subsequent use as desired. 
The particular pressures carried on columns 2, 
6 and 8 are hot critical, and I prefer fo use pres- 
sures froin atinospheric up to about 50 pounds 
per square inch gauge. Some pressure greater 
than atinospheric is ordinarily required fo cause 
flow of products or materials froin one stage 
of the process fo the next. One disadvantage of 
using high pressures in the stills -, 8 and 8 is 
that higher rebofler teinperatures are required 
fo effect the distillation steps. 
The above description is intended to be illus- 
trative, for the separation of a narrow boiling 
fraction according fo the process of Iny inven- 
tion. The saine procedure is used when separat- 
ing a sulfur coinpound or coinpounds froin a 
single hydrocarbon. 

Charge 
Vol. 
Per Cent 

l.S 
55. 5 
27. 7 

18. 8 
56.2 
25.0 
33.3 
33.3 
33.4 
7.7 
76. 9 
15.4 

OverheadData 

ComDosi. ["emp. Liqu]d 
tion Vol.  F. phases 
Per Cent 
28. 6 119 
12.4 to TwO, 
59. 0 123 
24. 8 
17.2 174 ]Do. 
58.0 
29.5 1 
14. 5 202 Do. 
56.0 
11.1 
44. 7 286 Do. 
44,2 

The overhead product resulting froin these dis- 
tillations was hoinogeneous af the boiling point, 
but separated into two phases af rooin teinpera- 
ture. This result of the overhead product sep- 
arating into two phases at rooin teinperature is 
60 indicated in the last column of the above table. 
As will be evident fo those skilled in the art, 
the organic perfluoro compounds are very effec- 
tive as entrainers for the sulfur coinpounds. 
Valves, puinps, pressure and teinperature re- 
65 cording and control apparatus, level controllers, 
and such auxiliary apparatus is hot shown in 
the drawing nor described in this specification, 
since those skilled in the art understand the ne- 
cessity for the use of such auxiliary equipinent 
70 in carrying on processes of the nature of Iny 
invention. 
As will be evident to those skilled in the art, 
various Inodifications of this invention can be 
Inade, or followed, in the light of this disclosure 
75 and discussion, without departing froin the spirit 
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or scope of this disclosure or from th escope of 
the claires. 
I claim: 
1. In the. treating of. hydrocarbon materials 
the improvement comprising, subjecting a mix- 
ture of hydrocarbons and organic sulfur com- 
pounds in the presence of a non-acidic, aliphatic 
perfluoro compound.capable of fozming a distill- 
able azeotrope with said sulfur compounds fo 
distillation, recovering resulting distillate con- 
taining sulfur compo.unds, and recovering 
sulting bottoms containing hydrocarbons. 
2. In the treating of hydrocarbon materials the 
improvement comprising, subjecting a mixture 
of hydrocarbons and aliphatic sulfur compounds, 
in liquid state, in the presence of a non-acidic, 
aliphatic perfluoro compound having a normal 
boiling point within 50 ° F. of the normal boiling 
point of said sulfur compounds to distillation, 
removing resulting distillate containing sulfur 
compo.unds, and removing resulting bottoms con- 
taining hydrocarbons. 
3. In the treating of hydrocarton materials 
the impl-ovement comprising, subjecting a narrow 
boiling range liquid fraction of hydrocarböns con- 
taining aliphatic sulfur compouîds in the pres- 
ence of a completely lïuorinated; non-acidic, ali- 
phatic organic compound having a normal hoil- 
ing point within 50 ° F. of the normal boiling 
point of said sulfur compounds fo distillation, 
withdrawing resulting distillate omprising said 
sulfur compounds and fluorinated organic com- 
pound, and withdrawing resulting bottoms com- 
prisin said hydrocarbons. 
4. In the refining of hydrocarbons the im- 
provement comprising, subjecting a narrow boil- 
ing range liquid fraction of hydrocarbons con= 
tainin aliphatic sulfur compounds in the pres- 
ence of a completely fluorinated organic com- 
pound selected from the group of compounds 
consisting of perfluoro-paraffins, perfluoro-di- 
alkyl ethers, perfluoro-tri-alkyl amines, perflu- 
oro-cycloparaffins and perfluoro-alkyl-cyclopar- 
aiïins fo disfllation, said fluorinated organic 
compound bofling within 50 ° F. of said aliphatic 
sulfur compounds, withdrawing resulting disil- 
late comprising said sulfur compounds and said 
fluortuated organic compound, and tvithdrawing 
resulting bottoms comprising said hydrocarbons. 
5. The method for separating normal hexane 
from admixture with .methyl ethyl sulflde com- 
prising, subjecting said admixture fo distillations 
in the presence of perfluoro-methylcyclohexane, 
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withdrawing resulting distfllate comprising, said 
methyl ethyl sulflde and said perfluoro-methyl- 
cyclohexane, and ,withdrawing resulting bottoms 
comprising said normal hexane. 
5 6. The method for sepaïating normal heptane 
from admixm'e with 1-butanethiol comprising, 
distflling said admixture in the presence of per- 
fluoro-di-n-outyl ether, recovering said 1-bu- 
tanethiol from resflting distillate as one product 
lO of the process and recovering said normal hep- 
fane from resulting still bottoms. 
7. In the refining of hydrocarbons the 
provement comprising, subjecting a narrow boil- 
ing range liquid fraction of hydrocarbons con- 
1 taining aliphatic sulfur compounds fo distilla- 
tion in the presence of a completely fluminated 
organic compound selected from the group of 
compounds consisting of perfluoro-paraiïms, per- 
fluoro-di-alkyl-ethers, peïfiuoro-tri-alkyl amines, 
0 perfluoro-cycloparaiïins and perfluoro-alkyl-cy- 
cloparaiïins, as a vapor entrainer, condensing re- 
sulting overhead vapors, separating resulting 
condensate into an aliphatic sulfur compound 
phase containin completely fluorinatd organic 
 compound in solution and a completely fluori- 
nated organic compound phase containing ali- 
phatic sulfur compounds in solution, recycling 
this latfer fluorinated organic compound phase 
containing aliphatic sulfur compounds into the 
0 original disti]lation operation as said completely 
fluorinated oranic compound, subjecth]g said 
separated aliphatic sulfur compound phase con- 
tainin completely fluorinated organic compound 
in solution fo distil!ation, condensing resulting 
S overhead vapors from this latteï distillation oper- 
ation and adding resuiting condensate to said 
condensate of said first mentioned distillation 
operation, removing resultin bottoms from this 
second distillation operation as one product of 
0 the process and removing resultfl]g bottoms from 
said first mentioned distillation operation as a 
second product of the process. 
8. I the method of claire 7, dividing said com- 
pletely fluorinated organic compound phase con- 
 taining a]iphatic sulfur compounds in solution 
into tvo portions, using one portion as reflux in 
said flrst distillation operation and recycling a 
second portion into said original distillation oper- 
ation as said /apor entrainer. 
0 M_,ITIN R. CINES. 
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